The 
PSYCHOLOGICAL 


RECORD . 


JUNE, 
Vol. IV 


ACOUSTICAL DETERMINANTS OF THE “NEUROTIC 
PATTERN” IN RATS 


Currorp Morcan and James Goutp 


THE PRINCIPIA PRESS, INC. 
BLOOMINGTON. INDIANA 


Price of this number, 25 cents 


~ 
~ 
1941 
No. 1 
9 
Lis 
ay 
2 
Be 
: 


ACOUSTICAL DETERMINANTS OF THE “NEUROTIC 
PATTERN” IN RATS* 


By Currorp Morcan and James Goutp 
Harvard University 


Morgan and Morgan (10) first showed that the behavior which 
Maier (7) has called the “neurotic pattern” can be produced by 
sound alone in rats which have never had any experience with a 
“conflict” situation. It was further demonstrated recently by 
Morgan and Waldman (11) that in certain of Maier’s experiments, 
which were designed to show that “conflict” was the important 
factor in the determination of the peculiar behavior, differences 
in the intensity of the accompanying auditory stimulus can account 
for the results obtained. There is finally the very impressive fact 
that in every experiment with the “neurotic pattern” which has 
thus far appeared, an auditory stimulus has been present. It has 
therefore become apparent that the acoustical determinants of thz 
behavior must be investigated before the significance of the results 
of experiments dealing with “conflict” can be established. 

Most of the studies reported to date have employed a type of 
auditory stimulus whose characteristics can not be specified in 
respect of either frequency or intensity. Maier (7), Morgan and 
Morgan (10), Hall and Martin (4), and Bayroff (2) have used 
an air-blast. Maier and his associates sometimes used the jingling 
of keys (8). Humphrey and Marcuse (5) secured the behavior 
with a buzzer. Of those heretofore employed, the Galton whistle 
is the instrument which most nearly produces a pure-tone stimulus. 
This has been used by Morgan and Waldman (11), Morgan (9), 
and Auer and Smith (1). 

Most of the data reported in the present paper were obtained 
with a Galton whistle, although some involved a pure-tone oscil- 
lator. The degree of precision which we have obtained in our 
measurements therefore falls far short of that to be desired. How- 
ever, the data clearly demonstrate how the “neurotic” pattern is re- 
lated to the intensity of the acoustic stimulus and with what general 
range of frequencies it is associated. That is sufficient for the 
present purpose, and more precise measurements can be made later. 


* Recommended for publication by Dr. J. R. Kantor, March 7, 1941. 
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INTENSITY 


The first experiments described here concern the relation between 
acoustic intensity and the incidence of “neurotic” seizures. They 
have already been discussed in another paper (11), and they will 
therefore be considered only briefly here. 

Seventy rats which had been shown in preliminary tests to give 
seizures upon stimulation with the sound of a Galton whistle, were 
selected for experimentation. They were then tested on five differ- 
ent occasions at different distances from the Galton whistle. On 
each occasion, they were subjected to four two-minute stimulations 
at as many different distances. The distances were one, four, seven, 
and ten feet respectively from the source of the sound. The order 
of stimulations was according to a pre-arranged random series. 
The results are therefore independent of the order of stimula- 
tion. The animals were enclosed in one-half inch wire-mesh cages 
during tests. 

Figure 1 shows graphically the results obtained in this experi- 
ment. The number of attacks decreased at a very great rate with 
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FIGURE 1 


Relative number of attacks as a function of the distance between the 
sound-source (Galton whistle) and the subject. 
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increase of distance from the sound. The exact number of attacks 
means little because this depends upon a great number of factors, 
but the relative number of attacks at different distances indicates 
definitely the role that intensity plays in the production of the 
audiogenic seizures. All other factors besides intensity can be said 
to have been controlled, and it may be explicitly stated that in no 
case could the air forced through the Galton whistle have become 
a tactile stimulus for the animals. 


FREQUENCY 


Much more interesting and important is the question of what 
frequencies are responsible for the seizures. This problem has been 
attacked in two ways: testing animals at different settings of the 
Galton whistle, and testing animals with different frequencies 
produced by a pure-tone oscillator. 

Experiments with the Galton whistle. Twelve rats which proved 
in preliminary testing to be very susceptible to attacks were selected 
for this experiment. These twelve rats were each tested once a 
day in a closed metal box; inside this box the Galton whistle was 
placed. The settings of the Galton whistle, which govern the prin- 
cipal frequency of the sound it emits, were changed from day to 
day in a controlled random order. All of the rats were tested at 
least once at each setting; some settings were presented twice. 

The results of this experiment are to be seen in Figure 2. We 
have not presented our data in terms of frequencies because we 
are not certain enough of the calibrations of the Galton whistle. 
The settings of the Galton whistle therefore are given along the 
abscissa of Figure 2. One may however hazard some general state- 
ments about the frequencies these represent. The lowest setting, 
.25, gives an extremely high frequency, probably the highest that 
can be obtained from a Galton whistle; it can be estimated as 40 
kilocycles or above. The maximum of the curve of sensitivity is 
at 2.25; the frequency which this represents is probably between 
20 and 30 kilocycles, and most likely around 22 or 23 kilocycles. 
The lower limit, 8.25, can be stated with somewhat greater assurance 
to be about 9 kilocycles. 

Whatever the truth may be about the frequencies emitted at 
different settings, there is one fact about which these results leave 
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FIGURE 2 


Relative incidence of seizures in relation to the setting (acoustic fre- 
quency) of the Galton whistle. 


little question. The frequencies which are most effective in produc- 
ing the seizures are supersonic, that is, they lie above the human 
range of hearing. We believe this statement stands in spite of the 
crudities of the experiment. We know that the thermal noise emit- 
ted by the Galton whistle could not have been responsible for the 
results, for that increased in intensity at the lower frequencies, not 
the higher ones. One can also be quite certain that differences in 
intensity at different settings do not account in any large measure 
for the results, for intensity decreases with the higher, and not the 
lower, frequencies. 

One cannot of course vouch for the shape of the curve. Various 
factors may alter that markedly. For one thing, not enough ob- 
servations were made for such precision. The sounds were obviously 
not pure tones. The reflection characteristics of the testing box 
must also be of some importance. Furthermore, as stated above, 
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the intensity of the sounds probably dropped off appreciably at 
the high frequencies, and this may have a lot to do with the left- 
hand portion of the curve. In spite of these factors, however, the 
general point can be established; namely, there is a band of fre- 
quencies associated with the seizures and the maximum of the band 
is in the supersonic range. 

Experiments with a pure-tone oscillator. The results just dis- 
cussed left much to be desired, and we turned accordingly to the 
pure-tone oscillator. The instrument available to us at the time 
was a General Radio, Type 713-A, beat-frequency oscillator. This 
has an upper limit of only 21 kilocycles, but it could be used to 
check the general point of the results secured with the Galton 
whistle. In order to obtain good reproduction at high frequencies, 
a crystal speaker* of the type ordinarily used in work with super- 
sonic oscillators was employed. 

Preliminary tests with this equipment proved that rats very 
frequently had seizures at the higher frequencies, including 21 
kilocycles, the -upper limit of the oscillator, and that no attacks 
could be obtained at frequencies below 10 kilocycles. The experi- 
ment was therefore conducted with frequencies between these 
limits. Only three frequencies, namely, 12, 16, and 20 kilocycles, 
were used because we desired only to establish the general relation 
between susceptibility and frequency, and because the best experi- 
mental procedure could be followed by presenting all test fre- 
quencies on each occasion of testing. Intensity was well controlled 
by maintaining the voltage output to the speaker at 75 volts. 

Seventy-four animals from four to six weeks old at the beginning 
of the experiment were selected from the main colony. These 
were each tested on five occasions, three days always intervening 
between each experimental occasion. Twenty-two of these animals 
had seizures on one or more tests. 

The conditions of testing were as follows: the speaker was so 
placed that its outer rim rested on the top of a test box. This was 
made of galvanized iron, and its dimensions were about 10 inches 
on each side. The floor of the box was covered with wood-shavings. 
The animals were tested four at a time in this box. (The number 


* Kindly lent to us by Professor G. W. Pierce, Department of Physics, 
Harvard University. 
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tested together probably makes no difference; see 4.) The three fre- 
quencies were each presented for two minutes, only about 10 sec- 
onds of silence being allowed between tests. The sequence of their 
presentation was a pre-arranged random one, in order that the order 
of testing could not enter into the results. If an animal had an 
attack at one frequency, it was of course not possible to test him 
subsequently on that day, bur this selective factor was balanced 
out by the changes which were exercised in the order of presenta- 
tion of the different frequencies. 

The results of the experiment are graphed in Figure 3, where 
the relative number of seizures is given in terms of the per cent of 
exposures at each frequency accompanied by attacks. 

These results require only brief comment. The number of 
attacks obtained at 20 kilocycles was almost 10 times as many as 
at 12 kilocycles and somewhat less than twice that obtained with 
16 kilocycles. From the appearance of the relation between number 
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Relative number of seizures as a function of the frequency of the 
stimulating sound. 
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of attacks and frequency, it seems quite evident that sensitivity 
is even greater at frequencies above 20 kilocycles. The general 
conclusion of the experiment with the Galton whistle is thus upheld, 
and there is therefore now no question but that high frequencies, 
for the most part supersonic, are those with which the “neurotic” 
seizures are associated. 


Discussion 


Now that the present results have fully established the fact 
that the so-called neurotic seizures are specifically associated with 
very high frequencies, several important remarks can be made 
concerning experimental procedure in the study of the seizures. 

It becomes obvious, first of all, that an experimenter cannot 
rely at all upon his own subjective impression of the effectiveness 
of an acoustic stimulus in producing seizures. Thus it is easy to 
understand why Maier and Glaser (8) got no attacks from rats 
when they turned on a Galton whistle to a “deafening intensity”; 
any sound which deafens an observer will probably not produce 
seizures unless its harmonic components are exceedingly high. 

It becomes important, in the second place, to consider carefully 
such ordinarily incidental matters of experimentation as what kind 
of box an animal is tested in. High frequencies differ in several 
respects from low ones. They produce, for example, very marked 
“standing wave patterns” in almost any kind of enclosure. Also, 
objects placed in their way produced prominent shadow effects. 
Thus it is doubtful whether such differences in number of at- 
tacks as Maier and Glaser (8) obtained in different types of en- 
closure have anything to do with “barriers”, as they suggest; they 
are more probably related to alterations in acoustic factors. At 
any rate, there can be no assurance of the interpretations of Maier 
and Glaser until such experiments are very carefully repeated with 
adequate physical controls of acoustic factors. In some cases, this 
will certainly not be easy. 

The present authors therefore wish to stress that since very 
special acoustic conditions are responsible for the seizures, every 
care must be exercised in the control of such conditions in order 
for conclusions about the operation of non-acoustic factors to 


possess any validity. 
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Another matter for discussion is the question which one of us 
has raised before (9, 10, 11), namely, how the seizures are to be 
regarded. Maier has argued that “conflict” is an important, if 
not the sole, determiner of the seizures. The authors are of the 
opinion that this view cannot have any basis if the seizures are 
primarily dependent upon acoustic conditions—not unless the 
epileptic patient can be said to have attacks as a result of “con- 
flict”. And there seems now to be no question but that the seizures 
are acoustically determined. Of course, other factors undoubtedly 
alter the effect of sound. For example, the authors (unpublished) 
have shown that the number of seizures is very definitely related to 
how hungry a rat is when tested. This is just one of many such 
factors, some of which will probably be understood eventually in 
terms of autonomic and humoral conditions. Since, however, the 
acoustic variables have been found to be primary, these must first 
be controlled or eliminated before the importance of non-acoustic 
factors can be validated. 


It has been previously suggested by several writers (1, 4, 11) 
that the seizures are epileptoid in nature. This point need not be 
argued again until further direct evidence is available. It is true, 
however, that the seizures closely resemble epileptic attacks much 
more than they do neuroses. No one will ever prove, of course, 
that they are epileptic reactions, for epilepsy is simply a classifica- 
tion for several behavioral phenomena which have something in 
common. The principal and distinguishing characteristics of epi- 
lepsy are convulsions and comatose immobility, although there are 
others. The audiogenic seizures have both these characteristics 
(except that the running attack is not purely convulsive behavior 
and true convulsions are often lacking in the seizures). It would 
seem reasonable therefore to classify them as epileptic. 


The fact that supersonic frequencies unquestionably produce 
seizures in rats and that the seizures are generally associated with 
high frequencies is a matter for discussion. We therefore turn 
to the facts concerning hearing in the rat. These unfortunately 
do not present a satisfactory picture, for many different results 


have been obtained (see 5). 


The chief points of difference have been whether rats hear “pure 
tones” and whether they have deficient hearing at low frequencies 
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(below 1 or 2 kilocycles). The first question is not important to 
the discussion, but the second is. 

Henry (5) claims to have controlled tonal purity most care- 
fully, so his experiments should be considered. He finds that rats 
hear poorly, if at all, at frequencies below 1 kilocycle. This find- 
ing is in contrast to the human results where maximal sensitivity 
is to be found around | to 4 kilocycles (Fletcher; see 5). 

As a matter of fact, under Henry’s conditions of testing (dis- 
crimination of a “correct” alley), the rat’s lower threshold at 
1,000 cycles is about 100 db. above that of man. This difference 
is so great that it means the rat is practically deaf at this frequency. 
At higher frequencies, however, sensitivity is better; at 8 kilocycles, 
the rat’s sensitivity is about that of man. Unfortunately there are 
no data available for higher frequencies, but by the extrapolation 
of Henry’s data, one might believe that the rat’s maximal sensi- 
tivity is at a very high frequency and that the upper frequency- 
limen is in the supersonic range. 


Henry thinks that his data for the rat’s hearing may be due to 
the particular technique which he has used. It is quite possible 
that this is true for the low frequencies. The facts of the present 
experiment, however, point strongly toward the possibility that 
the rat’s hearing may extend into very high frequencies. More- 
over, it is worthy of note that the hedgehog (3) and the bat 
(Galambos and Griffin, unpublished) possess “supersonic” audi- 
tory sensitivity. Whether or not the rat does is a question for 
study in this and other connections, and work is now in progress 
on this problem in our laboratory. Results obtained up to now, 
by means of a conditioned-response technique, indicate without 
question that rats hear moderate intensities of 21 kilocycles. How 
the lower threshold at this frequency compares with those at other 
frequencies is yet to be determined. 


At present two possibilities of explaining the audiogenic seizures 
occur to the authors. One is that the rat’s hearing is best through- 
out the range indicated by the present experiment. In this case, 
the seizures would seem to result from extreme intensities of audi- 
tory stimulation. It may be, however, that auditory stimuli are 
effective through some other channel, most suspect of which is the 
vestibular receptors. There are of course other alternatives. Hear- 
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ing per se, however, seems to be the most reasonable hypothesis, 
and it should be thoroughly investigated before we look in other 
directions. 


SUMMARY 


The experiments reported in the present paper show that the 
peculiar behavior called the “neurotic pattern” by Maier is de- 
pendent upon the intensity and the frequency of auditory stimu- 
lation. The frequencies most effective in producing the seizures 
(when intensity is controlled) are unquestionably supersonic. 
Experiments with a Galton whistle and a pure-tone oscillator indi- 
cate that they are higher than 21,000 cycles per second. This 
fact requires that the findings of other workers with respect to 
the importance of “conflict” must either be reinterpreted or re- 
peated with better control of acoustic conditions than has here- 
tofore been exercised. 
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